A direct time-resolved fluorescent immunoassay (TR-FIA) system was developed and evaluated for measuring progesterone (P) concentrations in deer plasma. The minimum detectable level of this assay system was 0.25 ng/ml and ED 50 value of standard curve was 2.4 ng/ml. Intraand inter-assay coefficients of variation were 8.8% and 15.7%, respectively. The direct TR-FIA revealed that the plasma P concentrations in sika deer expressed a diurnal pattern depending on their reproductive status. Results in the present study indicate that the TR-FIA system, that is specifically designed for humans if successfully utilized with slight modification, can be utilized for direct assaying of P in deer plasma. The plasma P profile in the sika deer appears to be consistent to that of other temperate deer expressing seasonal breeding characteristics. . In Japanese mainland, the reproductive behavior of wild sika deer is manifested between October to December, with the delivery of newborn in early summer following 217 days of gestation [6] . Their reproductive organs sh o w c h a r a c ter is t ic c ha n g e s a c c o r d in g t o reproductive status and exert influence on the plasma hormone profiles in both genders [7, 8] . In t h e r e i n d e e r , p l a s m a p r o g e s t e r o n e ( P ) concentration well reflects the luteal function and it has been a useful parameter for determining the repr oductive sta tus [9], h owever de ta iled information about plasma P concentrations in the sika deer is still limited.
has been a useful parameter for determining the repr oductive sta tus [9] , h owever de ta iled information about plasma P concentrations in the sika deer is still limited.
There are two major problems in analyzing P concentration in wild deer; one is the difficulty of serial sampling from animals and the other is a reliable and safe assay procedure. In reports published to date, plasma P analysis in the deer has been carried out by radioimmunoassay [10] [11] [12] . The handling of radioactive materials is strictly regulated by law and procedures have to be carried out in designated areas. Therefore a simple procedure for measuring plasma P concentration in the deer, that could be routinely carried out in a conventional laboratory would be of tremendous advantage.
The time-resolved fluorescent immunoassay (TR-FIA) is one of the immunoassays employing Accepted for publication: January 29, 2001 Correspondence; K. Hashizume lanthanide-labeled tracer. The TR-FIA provides an a s s a y v a l u e f o l l o w i n g t h e t i m e -r e s o l v e d fluorometry instead of radioactivity counting [13] . Since Europium is considerably stable, this system has an advantage over radioimmunoassay and enzym e immun oassa y beca use there is n o degradation of fluorescent intensity with time. A TR-FIA kit (DELFIA Progesterone Reagent, Wallac, T u r k u , F i n l a n d ) d e s i g n e d f o r t h e h u m a n commercial market is now available for measuring P levels. However this has the potential to be modified for usage in other species. Generally, direct plasma immunoassay is sometimes affected by some unknown factors present in plasma resulting in incorrect assay values when compared to the data of extraction assay. Our preliminary studies revealed that the interference effects of plasma factors could be eliminated by ether extraction of steroids prior to TR-FIA. Owing to complex procedure, extraction assays have considerable inconvenience compared to direct assay used for routine diagnostic purposes.
In the present study, our objective was focused on the establishment of a direct TR-FIA for plasma P analysis in the deer. This paper provides a new technique to address the adverse effects of plasma factors in direct TR-FIA system and describes the seasonal changes in plasma P concentration in sika does housed in Miyagi prefecture of Japan.
Materials and Methods

Animals and blood sampling
Eleven does of varied ages and parities, housed in the Miyagi Prefecture Agricultural College (Sendai, Japan, 38N,141E) were used for this study. Animals were fed with hay and commercial concentrates and had ad libitum access to tap water. B l oo d s am pl e s w e r e c o ll e c t e d v ia j u g ula r venipuncture after intramuscular blow injection of anesthetic agent (Xylazine; 1mg/kg body weight). Blood collection was done monthly in nonbreeding season (April to September 1999 and January 2000) and twice a month in breeding season (October to December 1999 ). Harvested plasma was stored at -20 C until assayed.
Direct assay with TR-FIA kit
Plasma P concentrations were measured by TR-FIA kit (DELFIA Progesterone Reagent, Wallac, Turku, Finland) according to manufacturer's protocol. The assay of all standards and samples was done by duplicate. Plasma sample or standard (25 µl), antibody and Europium-labeled tracer were dispensed into assay plate (96-well, precoated with secondary antibody). The plate was incubated for 2 h a t ro o m te m pe ra t u re , th e n w a s h e d a n d supplemented with enhancement solution. Fluorescence detection was done by Wallac Fluorometer 5 min after enhancement. Assay sensitivity was <0.25 ng/ml and ED 50 value of standard curve was 4.2 ng/ml. Intra-and interassay coefficients of variation were 7.3 and 10.1%, respectively.
Direct assays with modified standard solution
For improvement of the assay system, the supplied standard solution was substituted to phosphate buffer saline (PBS)-based standard that was supplemented with 1% bovine serum albumin (BSA, Fraction V, RIA grade, SIGMA, St Louis, MO, USA) with or without 25 µl/well of charcoaltreated bovine serum (BS, collected from adult Friesian cows housed at the National Institute of Animal Industry). The P concentration in BS was confirmed to be below the detectable level of TR-F I A ( < 0 . 2 5 n g / m l ) . M o d i f i ed s t a n da r ds constituted with 1% BSA-PBS alone or 1% BSA-PBS and BS were used for subsequent Exp. 2 and 3, respectively. Direct assay with a modified standard was conducted the same procedure as described above. Assay sensitivity was <0.25 ng/ ml in both modified assays and ED 50 values of standard curve in modification with BSA-PBS or BSA-PBS-BS were 1.8 and 2.4 ng/ml, respectively. Intra-and inter-assay coefficients of variation were 8.7 and 11.9% in modification with BSA-PBS, 8.8 and 15.7% in modification with BSA-PBS-BS, respectively.
Extraction assay
The method for P extraction was slightly modified from previous report in bovine plasma [14] . Briefly, 100 µl of distilled water was added to aliquots of plasma (50 µl) prior to diethyl ether extraction (Wako pure chemical , Osaka, Japan). Each sample was extracted by vortex mixing for 1 min with 2 ml of diethyl ether. After separation of the 2 phases, the aqueous layer was snap frozen by soaking in a dry ice-cold ethanol bath. The organic layer was decanted into glass test tubes and evaporated under nitrogen gas. The dried samples were dissolved into 50 µl of assay buffer which was supplied in kit. The recovery of progesterone by this method was 109.5 ± 4.0% (mean ± SEM). Twenty five µl of reconstituted sample was used for TR-FIA. For extraction assay, standard solution was prepared with kit-enclosed assay buffer. Assay sensitivity of extraction assay was <0.25 ng/ ml and ED 50 value of standard curve was 1.7 ng/ ml. Intra-and inter-assay coefficients of variation in extraction assay were 7.4 and 12.0%, respectively.
Results and Discussion
Exp. 1. Comparison of values between extraction and direct assays
Plasma P concentration of 17 samples was measured by direct assay with supplied standards and extraction assay. The data were comparable between the direct and extraction assays ( Fig. 1-A) . However the values for direct assay were markedly higher than those of the latter, although values were closely correlated. The linear regression formula between the values from direct and extraction assays was as follows; Y=3.73X+1.11, r= 0.96 (Y=value from direct assay, X=value from extraction assay, r=correlation coefficient).
The above results suggested that the TR-FIA progesterone kit was not suitable for direct assaying in the deer. There is a possibility of interference to immune reaction by some unknown factor(s) in deer plasma resulting in the incorrect assay values. Additionally, photon counting in TR-FIA might be affected by both chemiluminescence and quenching factors in plasma samples in spite of time-resolved counting which maximize signal/ noise ratio [15] . To solve this problem, some modification to the standard composition were tested in Exp. 2 and 3 for optimizing the protocol for deer plasma.
Exp. 2. Modification of direct assay-(1); Supplementation of standard solution with 1% BSA-PBS
Comparison of P concentrations in doe plasma (n=17), assayed by extraction assay and modified direct assay with 1% BSA-PBS standard, is shown in Fig. 1-B . The data from extraction and modified direct assay were closely correlated. The linear regression formula between the values was as follow; Y=1.15X+0.33, r=0.96 (Y=value from direct assay, X=value from extraction assay, r=correlation coefficient).
Exp. 3. Modification of direct assay-(2); Supplementation of standard solution with 1% BSA-PBS and BS
Comparison of P concentrations in doe plasma (n=13), assayed by extraction and direct assays with modified standard consisted with 1% BSA-PBS and BS is shown in Fig. 1-C . The data from extraction and modified direct assays were closely correlated. The linear regression formula between the values was as follow; Y= 1.32X-0.08, r=0.96 (Y= value from direct assay, X=value from extraction assay, r=correlation coefficient).
The results in the Exp. 2 and 3 suggest that direct assays with modified standard solution were suitable for plasma P measurement in the deer. However, from the data in the present study, it is difficult to determine which modification is most suitable for P assay. There is a possibility that Pfree deer plasma could be added to the standard solutions for equilibration purposes. However the results of the present study indicate that BS can be used successfully for direct assaying, especially as a substitute for P-free deer plasma. Therefore the modified standard with 1% BSA-PBS and BS was utilized in the following study.
Exp. 4. Monthly monitoring of plasma progesterone concentration in the doe
Monthly profiles of plasma P concentration (mean ± SEM) in non-pregnant (n=8) and pregnant (n= 3) does are shown in Fig. 2 . Plasma P assay was done by direct but with modification as described in Exp. 3. In non-pregnant does, plasma P concentrations remained low that consistent with the non-breeding season profile (April to October). Then the levels rapidly increased and fluctuated with the onset of breeding season (November to January). By contrast, in pregnant does, plasma P concentration was higher and these levels were maintained up to parturition in August and September of 1999.
The results in Exp.4 showed that plasma progesterone profiles in sika deer changed seasonally according to their reproductive status. The concentrations ranged from about 1 ng/ml or less to 7 ng/ml in non-breeding season and breeding season, respectively. The plasma P profile in sika does was consistent with that of fallow deer [1] , red deer [2] , roe deer [3] and white-tailed deer [ 4 ] . T h e r e w e r e o b v i o u s d i f f e r e n c e s i n P concentration between pregnant and non-pregnant animals especially after the end of the breeding season. This difference could serve as a basis for pregnancy diagnosis in the sika deer. However further work is needed to explore the latter.
In conclusion, our findings indicate that the TR-FIA reagent, that is specifically designed for humans if successfully utilized with slight modification, can be utilized for direct assaying in deer plasma. The plasma P profile in the sika deer appears to be consistent to that of other temperate deer expressing seasonal breeding characteristics. 
